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Introduction

Anchialine (from Greek meaning ‘near the sea’) caves are tidally fluctuated, subterranean brackish-
water environments connected to the sea with interstitial subterranean passages. These caves are inhabited by a
diverse array of previously unknown species from a number of new higher taxa like remipedes. Since such
anchialine cave animals are frequently limited to a single cave or cave system, pollution or destruction of these
caves can result in the extinction of entire species. The Philippine archipelago has a number of anchialine
caves, many caves are believed to have been destroyed due to anthropogenic activities. The purpose of this
study is to (1) clarify the biodiversity of anchialine cave fauna, particularly on decapod crustaceans, (2) study
the dispersal mechanisms of anchialine cave animals by examining molecular analysis for the cavernicolous
crab, Discoplax gracilipes, as a case study, and (3) provide information for the conservation of anchialine cave

and cavernicolous fauna in the Philippines.

Materials and methods

From a total of 41 caves in different islands of the Philippines and Guam, I extensively collected
brachyuran crabs and studied them taxonomically. The specimens were preserved and identified after tissue
samples were isolated. I determined COI gene from the 66 tissue samples obtained from D. gracilipes (55), D.
longipes (5), D. rotunda (2), D. hirtipes (2) and Gecarcoidea lalandii (2). DNA extraction, PCR amplification
and DNA sequencing was conducted, and then aligned data were analyzed to obtain topologies using MEGA
v.3.1 and MrBayes v.3.1 softwares. The exact test, the test of significance of Fst value and mismatch

distribution analysis were implemented using Arlequin v.3.11 software for population heterogeneity.

Results and discussion

A total of nine brachyuran crab species belonging to Hymenosomatidae, Gecarcinidae and Grapsidae were
identified in anchialine caves in the Philippines. These are Cancrocaecoides samarensis, Discoplax gracilipes,
D. hirtipes, D. rotunda, Cardisoma carnifex, Gecarcoidea lalandii, Sesarmoides ultrapes, S. boholano and
Orcovita fictilia, of which C. samarensis, S. ultrapes, and O. fictilia are obligate troglobites and D. gracilipes

and S. boholano are facultative troglobite. C. samarensis is a new genus and species and represents the first



anchialine cave species in the Hymenosomatidae and the first brachyuran species with true troglobitic
morphologies in this habitat. S. ultrapes is the first record in the Philippine archipelago, separating ca. 4,000
km apart from the type locality in the Solomon Islands. This study shows that the anchialine cave crabs were
distributed widely in separated islands, although many of those species were previously recorded only in a
single cave or cave system.

Molecular phylogenetic trees based on nucleotide sequences
of 658 base pairs of CO1 region of mitochondrial gene (Figure 1) shows
clear monophyly of each of the species within the genus Discoplax as
supported by high bootstrap probabilities for the NJ, MP and Bayesian

analyses. The genus comprises two major clades. They are: 1) a clade

consisted of D. rotundum and D. hirtipes inhabiting the surface of the
land; and 2) a clade consisted of cavernicolous crabs, D. gracilipes and
D. longipes. The divergence age of the two cavernicolous crabs D.
longipes and D. gracilipes was estimated to be 0.71-0.97 Mya (ca. 0.84
Myr; middle Pleistocene) and that of the two anchialine-cave species
from the ancestral epigean ancestor to be 4.77-6.45 Mya (ca. 5.61 Myr;
Miocene/Pliocene boundary) based on the CO1 mutation rates of 1.7%
per million years in the snapping shrimp and 2.3% for arthropoda in

general. The results of the exact test and the test of significance of Fst
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Philippine population of D. gracilipes. The present results showed that
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Fig. 1. Neighbor-joining (NJ) phylogram
based on the 658bp DNA sequences of COI
genes with estimated divergent time for the
genus Discoplax. Numbers in nodes denote
posterior probabilities in Bayesian analysis
and bootstrap values in MP and NJ analyses
based on 1,000 and 10,000 replicates,
respectively.

gracilipes in the Philippine archipelago.

Cave ecosystems are fragile habitats and easily threatened even
with small disturbance. Like D. gracilipes, animals with planktotrophic
marine larvae capable of long distance migration might not be highly
affected by such disturbance because these species could come back and
thrive again in caves if the environment recovered again. On the other hand, most stygobites with
ovoviviparous development endemic to a single cave system, like the case of C. samarensis, will cause their
extinction. Although the biodiversity of anchialine caves is not high compared with that in surface ecosystems,
it is worth reiterating not to neglect this unique underground ecosystem and to give attention for the
conservation. Educating the local people with regards to the importance of this habitat is highly recommended,

it is the best tool for the sound management and proper conservation of the cave ecosystem before it’s too late.



